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Abstract

Objective: Self-compassion is a positive psychological construct characterized by extending
compassion towards oneself, often during periods of suffering. Whereas self-compassion has been
associated with psychological outcomes, research linking self-compassion to physical health is
limited. We tested the hypothesis that greater self-compassion would be associated with less
subclinical cardiovascular disease (CVD) as assessed by carotid intima media thickness (IMT).
We adjusted for demographics, CVD risk factors and additionally depressive symptoms in these
associations.

Methods: One hundred and ninety-five women (mean age=59 years) without CVD

were recruited. Women completed questionnaires (Neff Self-Compassion Scale, Center for
Epidemiology Studies of Depression Scale); physical measures [body mass index (BMI), blood
pressure (BP)]; phlebotomy (lipids, insulin resistance); and ultrasound assessments of the carotid
artery (mean, maximal IMT). Cross-sectional associations between self-compassion and IMT were
assessed in linear regression models covarying for age, race/ethnicity, education, and CVD risk
factors (BMI, BP, insulin resistance, lipids, medications), and additionally depressive symptoms.

Results: Higher self-compassion was associated with lower mean IMT [B(SE)=-.03 (.01),
p=.02], adjusting for demographic factors and CVD risk factors. Associations persisted adjusting
for depressive symptoms. When considering self-compassion subscale bifactors, the positive self-
compassion bifactor (self-compassion), but not negative self-compassion bifactor (self-coldness),
was related to lower IMT.

Correspondence concerning this article should be addressed to Rebecca C. Thurston, PhD, Pittsburgh Foundation Chair and
Professor of Psychiatry, University of Pittsburgh, 3811 O’Hara St, Pittsburgh, PA 15213. Tel: (412) 684-9087; fax: (412) 687-7160;
thurstonrc@upmc.edu.
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Conclusions: Self-compassion is associated with lower subclinical CVD. Associations were
not explained by standard CVD risk factors nor by depressive symptoms. Future research should
consider whether enhancing self-compassion improves women’s vascular health.
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Introduction

Cardiovascular disease (CVD) is the leading cause of death in the United States (Kochanek,
Xu, & Arias, 2020; Virani et al., 2020). A large literature links negative psychosocial
factors, such as depression or anxiety, to CVD risk (Penninx, 2017; Thurston, Rewak, &
Kubzansky, 2013). An emerging body of research also links positive psychological factors,
such as optimism, life satisfaction, or emotional vitality to reduced CVD risk (Kubzansky
& Thurston, 2007; Matthews, Owens, Edmundowicz, Lee, & Kuller, 2006; Shahabi et al.,
2016), associations which often persist after adjustment for negative psychological factors.
One positive psychological trait of growing empirical interest is self-compassion. Self-
compassion is a positive psychological construct characterized by extending compassion
towards oneself, often during periods of suffering (Neff, 2003). Self-compassion is a multi-
dimensional cognitive-affective construct whose core components include self-kindness, or
relating to oneself with warmth and kindness; mindfulness, or a non-judgmental mind state
towards one’s internal thoughts and feelings; and common humanity, or the awareness that
difficulties are a universal human experience (Neff, 2003). Notably, a range of interventions
have been developed to enhance self-compassion, and thereby it is modifiable and can be
increased to promote health (Kirby, 2017).

Although self-compassion has been associated with a wide range of desirable psychological
outcomes (Neff, Rude, & Kirkpatrick, 2007; Trompetter, de Kleine, & Bohlmeijer, 2017),
the relation of self-compassion to CVD risk has received limited empirical attention.
Emerging data are suggestive of a link between self-compassion and a variety of behavioral
and biological CVD risk factors. For example, self-compassion is linked to health-promoting
behaviors, including increased physical activity (Biber & Ellis, 2019; Dunne, Sheffield,

& Chilcot, 2018; Holden, Rollins, & Gonzalez, 2020; Sirois, Kitner, & Hirsch, 2015),
improved medical adherence in clinical patient populations (Sirois & Hirsch, 2019), and
adaptive responding to CVD risk information (Semenchuk et al., 2020). Self-compassion
has also been linked to select CVD risk factors such as lower insulin resistance, improved
stress management, and better sleep quality (Butz & Stahlberg, 2018; Ferrari, Dal Cin,

& Steele, 2017; Friis, Johnson, Cutfield, & Consedine, 2016; Morrison et al., 2019;
Ventura et al., 2019). Finally, self-compassion has been associated with more adaptive
physiological responses to acute stressors (e.g., inflammation, heart rate variability, systolic
blood pressure) (Arch et al., 2014; Bluth et al., 2016; Breines et al., 2014; Luo, Qiao, &
Che, 2018). Taken together, this research suggests that self-compassion may be associated
with reduced risk for the development of CVD. However, no studies have examined self-
compassion in relation to clinical or subclinical CVD.
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Subclinical CVD indicators provide an important understanding of cardiovascular health
before frank clinical disease is present. One well-established subclinical CVD indicator is
carotid intima media thickness (IMT). Carotid IMT, assessed via ultrasound, is the thickness
of the intimal and medial layers of the carotid artery, with higher IMT associated with
greater risk for subsequent CVD (Peters, den Ruijter, Bots, & Moons, 2012; Stein et al.,
2008). IMT predicts future CVD even among low risk populations (Peters et al., 2012; Stein
et al., 2008). Thus, leveraging subclinical indicators of cardiovascular health to understand
the relations of self-compassion to cardiovascular health can shed important light into the
development of CVD risk before clinical disease is present.

Investigating self-compassion and cardiovascular health is particularly important among
midlife women. For women, midlife and the menopause transition are times of vulnerability
to negative mood (Bromberger & Epperson, 2018) and accelerated atherosclerosis
accumulation (El Khoudary et al., 2013). As midlife occurs directly before the typical onset
of clinical CVD in women, it is an important time for prevention. Identifying modifiable
psychological factors or skills, such as self-compassion, that may protect mental and
cardiovascular health is of critical clinical importance in this population.

Among a well-characterized cohort of CVVD-free midlife women, we tested the hypothesis
that greater self-compassion would be associated with lower carotid IMT. We hypothesized
that associations between self-compassion and IMT would persist with adjustment for
demographics and for standard CVD risk factors. Finally, given links between self -
compassion and depression (Krieger, Berger, & Holtforth, 2016) and between depression
and CVD risk (Penninx, 2017), we also considered the role of depressive symptoms in any
self-compassion-IMT associations.

Midlife women (N=197) aged 45-67 participated in the MsBrain Study, a study of
menopause and cardiovascular and brain health. MsBrain participants were recruited
between 2017 and 2020 from the Pittsburgh, PA community and from the MsHeart study,

a study of non-smoking women free of clinical CVVD who were studied for menopause and
cardiovascular health (Thurston et al., 2016). MsBrain exclusion criteria included a reported
history of stroke or cerebrovascular accident; dementia; current chemotherapy; active
substance use; pregnancy; and current use of select medications, including hormone therapy
(oral or transdermal estrogen and/or progesterone), selective estrogen receptor modulators,
aromatase inhibitors, selective serotonin reuptake inhibitors, or serotonin norepinephrine
reuptake inhibitors. Of the 197 participants, two women were excluded due to missing data
on carotid IMT (N=1) or self-compassion (N=1), yielding a sample of 195 women for
primary models. Four additional women were missing data on key blood-based biomarkers
[homeostatic model assessment (HOMA) and triglycerides], yielding a sample of 191
women for multivariable models that included CVD risk factors.
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Design and Procedures

Measures

Participants completed screening procedures, physical measurements, a medical history
interview, questionnaires, and a carotid ultrasound. Procedures were approved by the
University of Pittsburgh Institutional Review Board. Participants provided written informed
consent.

Self-compassion

Self-compassion was assessed via the Self Compassion Scale-Short form (Neff, 2016). This
scale consists of 12 items rated from 1 (a/most never) to 5 (almost always) and scored to
yield a total self-compassion score. This scale has established reliability and validity (Neff,
2016; Raes, Pommier, Neff, & Van Gucht, 2011) and showed strong internal consistency

in this investigation (a=.83). This scale includes six subscales which, consistent with other
work (Brenner, Heath, Vogel, & Crede, 2017), we combined into self-compassion (self-
kindness, mindfulness, common humanity) and self-coldness (self-judgement, isolation,
over-identification) bifactors, which showed high internal consistency in the present study
(self-compassion: a=.77; self-coldness: a=.80).

Carotid atherosclerosis

Trained and certified sonographers at the University of Pittsburgh’s Ultrasound Research
Laboratory obtained bilateral carotid images via B-mode ultrasound using a Acuson Antares
(Model# 10032747; Siemens, Malvern, Pennsylvania) high-resolution duplex scanner
equipped with a VF10-5 transducer according to a standardized protocol (Sutton-Tyrrell

et al., 1992). Digitized images were obtained at end-diastole from eight locations (four
locations each from the left and right carotid arteries): the near and far walls of the

distal common carotid artery, the far walls of the carotid bulb, and the internal carotid
artery. Images were read using semi-automated reading software (Wendelhag, Gustavsson,
Suurkula, Berglund, & Wikstrand, 1991). Values were obtained by electronically tracing
the lumen-intima interface and the media-adventitia interface across a 1-cm segment for
each of these eight segments. Average and maximal values were recorded for each of the
eight locations; mean and maximal IMT was the mean of the mean and maximal readings
across these eight locations, respectively. Reproducibility of IMT measures was excellent
[intraclass correlation coefficient between sonographers =0.87, between readers=0.92].

Additional measures

Additional measures included demographic factors, CVD risk factors, and additional
psychological characteristics. Demographics; medical and psychiatric history; medication
use; and health behaviors were assessed by questionnaires and an interview. Race/ethnicity
was self-reported. Educational attainment was assessed as years of completed education
(classified as high school/vocational, college graduate, >college). Height was measured via
fixed stadiometer, weight via a balance beam scale, and BMI was calculated [weight (kg)/
height? (m)]. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) was the
average of three seated measurements taken via a Dinamap v100. Physical activity was
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assessed via the International Physical Activity Questionnaire (IPAQ) (Craig et al., 2003).
Glucose, total cholesterol, high density lipoprotein cholesterol (HDL), and triglycerides
were determined using enzymatic assays; insulin was determined by immunoturbidimetric
assay in serum (ACE Axcel, Alfa Wasserman; West Caldwell, NJ). LDL was calculated
using the Friedewald equation (Friedewald, Levy, & Fredrickson, 1972). HOMA, an
index reflecting insulin resistance, was calculated [(fasting insulin*fasting glucose)/22.5]
(Matthews, Hosker, Rudenski, Naylor, Treacher, et al., 1985). Depressive symptoms were
assessed via the Center for Epidemiologic Studies Depression Survey (CESD) (Radloff,
1977). Anxiety was assessed via the State-Trait Anxiety Inventory (Spielberger, 1983).

Statistical analysis

Results

Variables were examined for distributions, outliers, and cell sizes. BMI, HOMA,
triglycerides, and IMT were log transformed to conform to model assumptions of normality.
Bivariate relations between study variables and study outcomes were examined via Pearson
and Spearman correlation coefficients. We tested the relation of self-compassion (total scale
score) to mean IMT in linear regression models. Each outcome was considered separately.
Covariates were a priori selected for inclusion in models, and included demographic factors
age, race, and education, as well as standard CVD risk factors (BMI, blood pressure,

lipids, insulin resistance, medications to treat hypertension, diabetes, and dyslipidemia).
For multiple highly correlated risk factors (e.g., systolic and diastolic blood pressure,
lipids), those most strongly related to the outcome was considered in models. Depressive
symptoms (considered as both as a continuous variable and categorized according to the
clinical cutpoint: CESD score >16) (Radloff, 1977) were considered in a separate step

as a covariate. In additional models, subscale bifactors (self-compassion, self-coldness)
were considered separately in relation to IMT; interactions between self-compassion and
depressive symptoms in relation to IMT were tested with cross product terms; and anxiety
and health behaviors were considered as additional covariates in self-compassion-IMT
relationships. Maximal IMT was considered as a secondary outcome. All tests were two
tailed with an alpha set to 0.05. Analyses were conducted using SAS v9.4 (SAS Institute,
Cary, NC).

Participants were on average 59 years old, overweight, and normotensive (Table 1). Self-
compassion scores were consistent with other studies of midlife women (Brown, Bryant,
Brown, Bei, & Judd, 2014). Participant characteristics did not vary as function of self-
compassion with the exception of age, physical activity, and depressive symptoms, with
more self-compassionate women being older (r=.17, p=.02) and more physically active
(r=.15, p=.04), and having lower depressive symptoms (r=—.56, p<.0001).

We tested the relation of self-compassion to IMT. We found that women with higher self-
compassion had lower mean IMT (Table 2, Figure 1). These associations persisted when
controlling for covariates, including demographic factors and standard CVD risk factors.
Findings were similar when considering the outcome of maximal IMT (Supplemental Table,
Supplemental Figure).
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We next considered the role of depressive symptoms in these relationships. Depressive
symptoms were not significantly related to mean IMT [e.g., b(SE)=.001(.001), p=.52,
multivariable, controlling for demographic factors and CVD risk factors] and associations
of self-compassion to IMT persisted controlling for depressive symptoms [e.g., self-
compassion in relation to mean IMT: b(SE)=-.04 (.02), p=.02, controlling for demographic
factors, CVD risk factors, and depressive symptoms].

We explored the relationship between self-compassion and self-coldness bifactors in relation
to mean IMT. Results indicated that the self-compassion bifactor was related to lower

mean IMT [B(SE)=-.02 (.005), p=.002], whereas self-coldness was not [B(SE)=.007 (.005),
p=.12] in models adjusted for age, race, education, BMI, HOMA, triglycerides, SBP, and
medications for blood pressure, lipids, and diabetes.

Further, given potential interest in self-compassion as a resilience factor that may protect
the cardiovascular health among women with negative mood, we explored an interaction
between self-compassion (total scale score) and high depressive symptoms (CESD score
>16); a significant interaction was observed (p=.04, adjusted for age, race, education),
suggesting that associations between self-compassion and IMT may be most pronounced
among women with high depressive symptoms [high depressive symptoms: b(SE)= -0.12
(.06), p=.05; low depressive symptoms: b(SE)=-.03 (.02), p=.09, adjusted for age, race,
education]; however, these analyses should be regarded with caution given the relatively
few women with high depressive symptoms (N=31). Finally, we explored other possible
mechanisms linking self-compassion to health, including anxiety and health behaviors
(physical activity, smoking); but these factors were not significantly related to IMT, nor
did they alter associations between self-compassion and IMT when included in multivariable
models (data not shown).

Discussion

In this study of midlife women, women with greater self-compassion had lower IMT

than those with lower self-compassion. These associations were not explained by
demographic factors or by traditional CVD risk factors such as blood pressure, insulin
resistance, or lipids, nor by depressed mood. When further considering self-compassion

and self-coldness subscale bifactors, associations with IMT were most apparent for self-
compassion. Collectively, these data indicate the importance of self-compassion to women’s
cardiovascular health.

This study is the first to show self-compassion associated with lower subclinical CVD.

Use of subclinical CVD indicators are particularly important here as they provide a

direct measure of the vasculature and thus represent a more proximal indicator of disease
development. Notably, we demonstrated a consistency of associations of self-compassion to
IMT measured as mean IMT, which represents the mean thickness of the intimal and medial
layers of the carotid artery across eight locations, as well as maximal IMT, which represents
the maximal thickness across these locations (Stein et al., 2008). The consistency of
associations between self-compassion and IMT across IMT measures supports the reliability
of findings. In fact, the magnitude of difference in IMT associated with low versus high
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self-compassion was similar to IMT differences associated with standard CVD risk factors
(e.g., obesity, elevated triglycerides) or five years of aging among these midlife women (EI
Khoudary et al., 2013; Herder, Johnsen, Arntzen, & Mathiesen, 2012).

Multiple potential mechanisms may link self-compassion to cardiovascular outcomes,
several of which we considered here. Specifically, less self-compassionate women may
have more adverse traditional CVD risk factors, including lower physical activity and higher
insulin resistance (Biber & Ellis, 2019; Dunne et al., 2018; Holden et al., 2020; Matthews,
Hosker, Rudenski, Naylor, Teacher, et al., 1985; Morrison et al., 2019; Sirois et al., 2015).
However, we assessed CVD risk factors here; none of these CVD risk factors varied as a
function of self-compassion, nor did they explain associations between self-compassion and
IMT. Some prior work has shown self-compassion to be associated with health-promoting
behaviors (Biber & Ellis, 2019; Sirois et al., 2015), and self-compassion was related to
more leisure time physical activity here. However, we considered both physical activity and
smoking as covariates in additional analyses; neither of these factors were related to IMT,
nor did they explain associations between self-compassion and IMT. Notably, an extensive
prior literature links depression to subclinical and clinical CVD risk (Penninx, 2017), and
higher self-compassion is typically associated with lower depressive symptoms (Krieger et
al., 2016). However, depression did not explain relationships of self-compassion to IMT. We
also considered anxiety, as anxiety has been linked to CVD risk (Thurston et al., 2013);
however, anxiety did not relate to IMT nor did it explain self-compassion-IMT associations.
Future work should examine the role of other potential physiologic systems, such as
alterations in the autonomic nervous system (Arch et al., 2014; Luo et al., 2018; Svendsen
et al., 2016), the hypothalamic pituitary adrenal axis (Herriot, Wrosch, & Gouin, 2018),
inflammatory pathways (Breines et al., 2014), or epigenetic changes in these associations.

In exploratory analyses, to further understand what aspects of self-compassion were

related to IMT, we considered self-compassion subscales in the context of two bifactors:
self-compassion and self-coldness, consistent with prior work (Brenner et al., 2017).
Findings showed self-compassion, rather than self-coldness, related to IMT. Prior work

has pointed to the potential importance of mindfulness to cardiovascular health (Loucks

et al., 2015); here we expand this examination to consider self-compassion, of which
mindfulness is a component, yet is a relatively novel psychological factor to consider

in relation to CVD risk. Positive and negative psychological functioning are often
moderately inversely correlated and many aspects of negative psychological functioning
have emerged as CVD risk factors; yet research has emphasized the importance of positive
psychological functioning beyond simply the absence of negative psychological functioning
for cardiovascular health (Kubzansky et al., 2018). Our findings further underscore the
importance of positive psychological functioning broadly, and self-compassion in particular,
to women’s cardiovascular health.

We considered self-compassion as a potential resilience factor buffering women from the
potential negative cardiovascular sequelae of depression. A significant interaction between
depressive symptoms and self-compassion in relation to IMT indicated that the lower

IMT observed among those with higher self-compassion may be most apparent among
women with elevated depressive symptoms. These patterns of findings are consistent with
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prior findings that relationships between self-compassion and CVD risk factors are most
apparent under conditions of stress or distress (Bluth et al., 2016; Friis, Johnson, Cutfield,

& Consedine, 2015; Herriot et al., 2018). This interaction must be interpreted with caution
given the exploratory nature of analyses and the few women with elevated depressive
symptoms. However, they do point to potential future areas of investigation and intervention,
including targeting more distressed women with self-compassion interventions to protect
their cardiovascular health.

This work has limitations. This study is a cross-sectional, observational study. Thus, the
directionality or temporality of associations cannot be inferred from this study. Future work
should consider whether self-compassion is associated with changes in cardiovascular health
over time and whether intervening to enhance self-compassion improves cardiovascular
health. Several analyses, such as bifactor analyses and interactions by depressive symptoms,
were exploratory in nature and should be regarded as hypothesis generating. This study
included key exclusions, such as select antidepressant use, hormone therapy use, and
oophorectomy that may have resulted in a lower psychosocial and biological risk sample
than the general population. Finally, this sample largely included non-Hispanic White and
Black women; these associations require replication in women from a wider range of racial/
ethnic groups and in men.

This work had key strengths. This study represents a novel investigation of self-compassion
with cardiovascular health. We addressed this question using direct measurements of the
vasculature, a more proximal measurement of underlying vascular disease than self-reported
indicators or more nonspecific biomarkers. We assessed these associations in midlife
women, a key population often experiencing challenges to both their psychological and
physical health and who may benefit from preventive intervention. A wide range of
measurements of CVD risk factors and of psychological functioning were included, allowing
for investigation of a range of potential confounders or mechanisms in these associations.

In conclusion, we found that higher self-compassion was associated with lower carotid

IMT among a well-characterized sample of midlife women. Findings were not explained by
standard CVD risk factors, demographic factors, nor by negative mood. These findings point
to the importance of self-compassion to women’s cardiovascular health. As self-compassion
is modifiable (Kirby, 2017), our findings point to potential promising areas for future
intervention, including whether self-compassion may be leveraged to enhance women’s
cardiovascular health as they age.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figurel Mean IMT by self-compassion score.
Means adjusted for age, race, and education. IMT = intima-media thickness. * p<.05 (first

versus fourth quartile comparison).
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Participant characteristics

Table 1.

N
Age, M (SD)
Race/ethnicity, N (%)
White
Black / Other
Education, N (%)

High school/some college/vocational

College graduate
>College
BMI, Median (IQR)
SBP, mmHg, M (SD)
DBP, mmHg, M (SD)
LDL, mg/dL, M (SD)
HDL, mg/dL, M (SD)
Triglycerides, mg/dL, Median (IQR)
HOMA, Median (IQR)
Physical activity, Median (IQR) t
Smoking, N (%)
Medications, N (%)
Anti-hypertensive
Anti-diabetic
Lipid-lowering
Depressive symptoms, high, N (%)’f
Self-compassion, M (SD)”
Mean IMT, mm, Median (IQR)
Maximal IMT, mm, Median (IQR)

195
58.81 (4.20)

146 (74.87)
49 (25.13)

75 (38.46)

59 (30.26)

61 (31.28)

28.02 (24.53, 33.60)
117.93 (14.19)

68.16 (8.87)

118.85 (33.92)

64.29 (16.93)

95.00 (71.00, 123.00)
3.42(2.10, 4.95)
396.00 (0.00, 1399.00)

5 (2.56)

46 (23.59)
13 (6.67)

32 (16.41)
31 (15.90)

3.60 (0.74)

0.69 (0.62, 0.77)
0.86 (0.77, 0.95)

#

IPAQ leisure time physical activity scores,

iCESD score =16,

T .
Total self-compassion scale score
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Association between self-compassion and IMT

Mean IMT

Mode 1 Mode 2

B(SE) B(SE)
Self-compassion -04(02)™  -03(01)~
Age .01(.003) ™ .01 (.003) ™"
Race (White vs. Non-white) -.02 (.03) -.003 (.03)
Education (=College) -.05 (.02) -.04 (.02)
SBP .002 (.001) 7
BMI .04 (.06)
HOMA .02 (.02)
Triglycerides .04 (.03)
Hypertension medication .03 (.03)
Lipid-lowering medication .03 (.03)
Diabetes medication -.04 (.05)

Table 2.

Page 14

IMT = intima media thickness; SBP = systolic blood pressure; BMI = body mass index; HOMA = homeostatic model assessment. IMT, BMI,
HOMA, triglycerides, values log transformed for analysis.

p<.05,

*:

A
p<.01,

Hok:

*
p<.001
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